August 19th, 2003 Severe Convective Wind Event in Western Montana using the Weather Event Simulator
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Introduction

During the late afternoon of August 19th 2003, a line of thunderstorms moved through western Montana producing high winds and
lightning which resulted in moderate to severe fire behavior on numerous local wildfires and created at least 30 new lightning-caused
fire starts. In addition, strong winds tore down trees and tree limbs; which in turn produced minor structural damage, brought down
power lines, and caused one personal injury. As an example of the impact to fire fighting efforts, the Fish Creek Fire Complex grew
10,000 acres from 19 Aug to 20 August and several other fires experienced rapid growth as a result of these thunderstorms.

The weather prior to events on the 19th was relatively benign. In particular, a weak upper-level trough was located over central
Montana on August 17-18. This pattern effectively shunted monsoonal moisture east of western Montana and allowed a relatively
stable, hot, and dry air-mass to dominate. At the surface, a persistent thermal trough extended from New Mexico northward through
the Idaho panhandle. This relatively dry and benign weather pattern changed on the 19th as an upper-level trough approached from
the Pacific Ocean providing a tap into mid- and high-level moisture as well as increased ageostropic flow from an advancing jet streak.

Event Description

As shown in Figure 1, the 500mb low at 1800 UTC (as depicted by the GFS model) was located west of San Francisco with the trough
axis extending northward into British Columbia. Southwest flow prevailed at this altitude and extended eastward from the Pacific coast
into central Montana. In addition, a jet streak was located in north central Oregon, though placed slightly too far north by the model as
evidenced by clearing on water vapor imagery and not coincident with model height fields. Also, notice that convection is occurring at

this time in the right rear and left front quadrant of the jet streak.

Several features favoring possible severe thunderstorm development were evident by the morning of the 19th: First, low level
instability seemed assured - due to a diurnally persistent thermal trough predicted by the Mesoeta model to extend through central
Idaho and into western Montana by afternoon (see Figure 2). Also shown are predicted 700mb winds, which would produce a storm
movement of 30 to 35 knots from the southwest. Second, mid- and high-level moisture was moving up from the base of the trough off
the California coast, providing a moisture source to the region (see Figure 3). This figure also shows convection in right rear of jet
streak noted from Figure 1 had increased and moved into north central Idaho. In addition, the GFS and Mesoeta models are shown to
be producing similar placements of major features as seen by the 500mb height fields depicted in the figure. Third, the vertical
thermodynamic profiles predicted an unstable afternoon environment favorable for convective growth and relatively long-lived storms -
given daytime heating, the influx of upper-level moisture, and the influence of increased winds aloft.

Figures 4 & 5 show the 00:00 UTC Eta buffer forecast soundings for Missoula (MSO) and Kalispell (FCA). Significant features for
MSO and FCA respectively from these soundings include: a 0-6km wind shear of 25 to 35kts; Microburst Potential of <30kts, an
Equilibrium Level of 35,800 to 36,000ft; Convective Available Potential Energy (CAPE) of 708 to 897 J/Kg; a Lifted Index (LI) of -3.3 to
-4.0; and Precipitable Water of 0.53 to 0.69 inches. In addition, note that the poor resolution of model topography in the Missoula
County Warning Area can negatively impact model-derived convective parameterization and microburst potential. For example, the
MesoEta model surface for MSO is approximately 1000 ft higher than the actual elevation. Depending on surface temperature and
dewpoint, this discrepancy can influence the model-derived calculation of the level-of-free-convection; which in turn leads to errors in
calculated CAPE and LI. In addition, microburst potential is often underestimated when surface conditions are dry and near surface
lapse rates are adiabatic. For this day, the near surface lapse rate was at least adiabatic, and the low-level environment was very dry.
In fact, Figure 6 shows observed dewpoint depressions at 23:00 UTC ranging from 45 to 50 degrees Fahrenheit. Therefore, since
convective indices and microburst potential were underestimated by the models; adjustments to the convective analysis were critical;
particularly in north central Idaho and southwest Montana. Nevertheless, both the MesoEta and GFS models did a good job of locating
general regions where convection would grow. Figure 7 shows a plan view of predicted late afternoon CAPE that lies roughly along
the location of the thermal trough shown in Figure 2. In summary, the most impressive features from these soundings (after adjusting
for topography-induced errors) are moderate convective indices, good speed shear, and moderate microburst potential.

By 23:00 UTC on the 19th, radar and visible satellite imagery indicated convection developing over the Clearwater mountains of
Idaho, with the most significant feature being a line of storms with up to 50dBZ returns east of Grangeville Idaho moving the towards
the northeast at about 30kts (see Figure 8-9). Notice also the smoke plumes from large fires west-, east-, and south-of-Missoula are
clearly evident. Changes in the intensity and coverage of these returns can be used as a proxy for changes in fire behavior. By 23:57
UTC, the aforementioned line of storms had rapidly intensified into a weak bow echo with possible rear inflow notch and most
significant growth located near the northern and southern edges (see Figure 10). A comparison of visible satellite imagery from 23:00
UTC (Eigure 9) to imagery at 00:00 UTC (Eigure 11) shows the rapid intensification of convection west of Missoula. As the storm
approached Missoula at 00:38 UTC, the northern end of the squall line passed directly over the Fish Creek Fire Complex just
southwest of Alberton MT. A 45-dBZ return was located over the fire area at this time as shown by the 0.5-degree-reflectivity-product
(Eigure 12) while the 0.5-SRM-product indicated a mesocyclone directly over the fire (see Feature A, Figure 13). In addition, an area
of low-level convergence can be seen just west of Lolo MT - at the leading edge of the bow echo (see Feature B, Figure 13). As this
storm swept over the Missoula and Bitterroot valleys, trees were reported blown down onto power lines near Hamilton. In addition,
winds blew trees over in Missoula downing power lines and damaging two vehicles. One downed tree injured a passing bicyclist. By
01:43 UTC, the intensity of the squall line had weakened considerably (see Figure 14). Nevertheless, the advancing gust front downed
trees in Rock Creek Canyon (20 miles east on Missoula) and blew tents down at the Boles Fire Camp (25 miles northeast of
Missoula). In addition, convection developed to the northwest of Missoula and intensified over the next hour, producing an estimated
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wind gust of 59 knots near Dixon MT, where a barn sustained significant damage.
Summary

The post analysis of this event through the Weather Event Simulator was very instructive. Even though long-lived squall lines and bow
echoes are a fairly rare occurrence in this region, key environmental differences existed between this event and our more typical pulse
storms. These differences, if correctly identified, should allow identification of these types of storms long before they actually develop.
The case is instructive in allowing forecasters to recognize events leading to a change from a dry unstable environment; which existed
prior to the 19th of August; to the mid-level-moist and unstable environment that existed on the 19th. These conditions were caused
by the approaching upper level trough, which allowed increased mid- and upper-level moisture to enter the region. Finally, the case
specifically points to the importance of jet-streak dynamics and what can happen through the introduction of significant shear to a
moist unstable atmosphere.
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